Many critical issues appear due to the exhaust gases from transportations facilities, electric generators, industries, and so on. This lead to air pollution, which could be define as an introduction of biological materials or chemicals that's causes harm to all living organism including humans. Also damaging the environment of earth. The principal gases that cause air pollution from these sources are nitrogen oxides (NO, NO2 and N2O) and carbon oxides (CO and CO2). There is a need to develop sensors that are characterized by highly-sensitive and miniaturize that capable of real-time analyses detection; optical fiber sensors agree with these needs. In this work, Large Mode Area-Polarization Maintaining Photonic Crystal Fiber (LMA-PM-PCF) for exhaust gases monitoring have been proposed to detect air-polluted gases over a wide transmission band covering (1µm) to (2µm) wavelength. Different guiding properties had been studied for the infiltrated PCFs. According to simulated results, the high relative sensitivity is obtained for sample infiltrated with CO gas; The higher sensitivity makes this fiber a potential candidate to detect CO that is commonly known as silent killer.
‫الخالصـة‬

Introduction
Air pollution could be defined as the increasing in toxic compounds or chemicals includes those generate from biological origin in air in such a level that is influence on life in general and health risks in special. The chemical compounds that make the air quality low are referred to air pollutants. These compounds may be found in the air in two major forms either, gaseous form (as gases), or solid form (as particulate matter suspended in the air). The gaseous like Nitrogen Oxides (NOX)( Toxic gases), Carbon Monoxide (CO) (Extremely toxic, produced by incomplete combustion and vehicle exhaust) and Carbon Dioxide (CO2) (Not toxic, but may dislocate oxygen and produce death through asphyxiation and it is a greenhouse gas, emitted by combustion processes, microbial activity, plant respiration) [1] .The physical sensing based on optical fibers used to sense and monitor complex environment and its surrounding such as 2 temperature, humidity, etc. having important applications in wearable sensors, robotics, health and safety monitoring [2] . Due to its advantages of low cost, less noise/interference, higher sensitivity, fast response, reliability, and compactness optical sensors found to be very suitable for the gas, chemical and biological sensing applications [3] . Now a day, Photonic Crystal Fiber (PCF) has been shown great development in optical sensing [4] . Photonic crystal fibers (PCFs) is a period arrange of microscopic cylindrical air holes that run along the entire length of fiber [5] . PCFs received a big attention in developing optical devices and sensors. Because the existing of air holes give freedom in design by changing the structure, number or shape of air hole around the core which lead to light controlling capabilities and then faster detection response and miniaturized structure [6] . The PCF sensing mechanism depends on the absorption lines of the corresponding gases. PCF based liquid and gas sensors have been shown excellent performance in terms of sensitivity response [7] . Different structures of PCFs had been introduced by many research groups as follows. An index-guiding PCF (IG-PCF) based gas sensor was proposed which show a relative sensitivity of 13.23% and confinement loss of 3.77 × 10−6 [8] . Morshed et al. [9] present a PCF contains microstructure core instead of hollow core (of prior PCF) which improves the relative sensitivity of 42.27% with a lower confinement loss of 4.78 × 10−6 for gas sensing. Asaduzzaman et al. detected colorless or toxic gasses and monitoring air pollution with a micro-cored PCF based gas sensor. They obtain high relative sensitivity of 53.07% is obtained at 1.33μm wavelength [10] . Ibadul Islam et al. designed a gas sensor based on hexagonal shape PCF The investigated results reveal the relative sensitivity of 56.65% and confinement loss of 2.31×10-5 dB/m at the 1.33-µm wavelength [11] . In this research paper, we have suggested a Single-mode 5 μm core polarization-maintaining fiber where fourlayer hexagonal cladding (LMA-PM-5).
Geometry of the Proposed PCF
Large Mode Area-Polarization Maintaining PCF (LMA-PM-PCF) have been designed in this work, and simulated for gas sensing application. Maxwell's equation was used to simulate the guiding properties of the proposed PCF by Finite Element Method (FEM) through the simulation software COMSOL MULTIPHYSICS. The LMA-PM-PCF is optimized to exhibit low loss from (1µm) to (2µm) while keeping an almost constant mode field diameter. The cladding region was hexagonal with four rings of holes in the edges of the outermost cladding. The diameters of core is (5µm), the dimeter of air holes (1.43µm) and pitch is equal (3.25µm). Figure  (1) shows Transverse cross section of the proposed PCF.
Numerical Analysis andEquations
Finite Element Method is a method to solve differential or partial equations numerically involve depending on the physical systems by dividing the system into small sub regions or elements. Each element is an, simple unit. The elgebric equations solved by computer [12] . The PCF has been infiltrated display in this research with (Air, CO, CO2, and N2O) the last three gases consider as an origin of the air pollution caused by exhaust gases from automobiles and electric generators. The better optical guiding properties to ensure the application of PCFs as gas/chemical sensors through the following properties:
A. Effective Area
Effective mode area is represent the distribution of the electric -field (E) of fundamental mode occurs inside the fiber core, as a result, effective mode area (EMA) of a PCF can be determined by the following equation [11] :
(1)
B. Non Linear Coefficient
The small effective area of PCF leads to nonlinear effects due to high optical power density. The nonlinearity is related with the effective area of the PCF background material in associated with the operating wavelength λ. The nonlinear coefficient can be examined by the following equation [12] : (2) Where (n 2 ) is the nonlinear-index coefficient in the nonlinear part of the refractive index and for pure silica its equal to 2.2*10 -20 m 2 /watt, c speed of light, angular frequency of the signal, and its wavelength.
C. Confinement loss
Confinement loss or leakage loss occurs due to leaky nature of the mode and irregular arrangement of air holes. Those air holes are playing the role of dielectric medium. This loss depends on many parameters like transmitted wavelength, shape, size, number of air holes, and rings. The confinement loss or leakage loss can be calculated by the imaginary part of the effective refractive index. The confinement loss or leakage loss can find by the following equation [8] (3)
Where, (k o ) is the propagation constant in free space, and Im[n eff ] is the imaginary part of the complex effective refractive index (n eff ).
D. Birefringence
Birefringence is one of the crucial properties of PCFs. It is highly influential for polarization maintaining fiber (PMF). The birefringence could be found by the difference between refractive index of x-polarization and ypolarization as follow [10] : (4) E. Relative Sensitivity The relative sensitivity is an important parameter had to be found for PCF sensors. Relative sensitivity could be defined as the response of a PCF to physical, chemical, or biological quantity under measurement. Relative sensitivity (r) found through the following equation [10] : (5) Where (n s ) is the refractive index of target gas species, typically consider as 1 and Re[n eff ] is the real part of the effective mode index, is the fraction of holes power by total optical power which can be defined as [10] : (6) Where E x , E y , H x , and H y are the transverse electric and magnetic field of the guided mode, respectively.
Results and Discussions
The x-polarization and y-polarization of the mode field pattern along proposed LMA-PM-PCF had been shown in Figure (2) . From the figure that the leakage loss was very low , therefore the mode field is tightly confined to the core region. The effective refractive index neff for operating wavelength range (1µm) to (2µm) with step (0.05μm) had been found for the fundamental mode. Figure ( 3) reveals that neff linearly decreases with respect to increase in 4 wavelength for different analyte: air, CO, CO2, and N2O. The decreasing due the spreading of light into cladding region due to the existence of air hole at higher wavelength. Effective area and nonlinearity proprieties of proposed PCF are leading parameters of the optical devices. The confinement loss have been calculated from the imaginary part of effective refractive index for wavelength range (1-2) µm with different analyte. Figure (6) shows the confinement loss just for CO2, CO, and N2O because in case of air there is no leakage outside the core so no imaginary part of effective refractive index. From the figure we notice that the leakage loss is highest (5.15dB/cm) at (2µm) for samples infiltrated with CO gas. In addition, for all samples at higher wavelength light spread into cladding hole and confinement loss appear as clearly in figure (6). From the figure (7) it is clearly reported that better guiding properties are gained for samples infiltrated with CO. while figure (8) shows the relative sensitivity for the proposed sensor it's clear that its increased with increasing of operated wavelength and it was higher for samples infelt rated with CO gas about 65%. 
Conclusion
The LMA-PM-PCF was gas sensor have been presented. This PCF was infiltrated with different gases; air, CO2, CO, and N2O for wavelength range (1-2) µm. To study the sensor parameter numerical investigation had been done by applying finite element method and with boundary condition perfectly matched layer of circular shape. From the results, the higher relative sensitivity obtained for samples infiltrated with CO gas which makes this fiber a potential candidate to detect CO that's considered as silent killer gas.
